The objective of this work was to analyze the changes in the chemical attributes of an Ultisol irrigated with different dairy effluent dilutions. The experiment was set up using a randomized block design with five dilutions of dairy effluent (DE) in public water supply (PWS) (T1 -only PWS, T2 -10% of DE plus PWS, T3 -20% of DE plus PWS, T4 -30% of DE plus PWS, and T5 -40% of DE plus PWS). Soil samples were collected at five depths to quantify the attributes of pH, organic matter (OM), potassium (K), phosphorus (P) and electrical conductivity of the soil saturation extract (ECss). No significant effects of dairy effluent dilutions were found in altering the pH, OM and K + values of the Ultisol after 240 days of application. However, there was a significant increase of P in T4, and of ECss mainly in the 0.10 to 0.20 m layer of T5.
INTRODUCTION
Food industries demand large amounts of water for productive processes and operational needs, thereby generating a high amount of effluents which require treatment before being released into the environment. These effluents are characterized by high levels of Biochemical Oxygen Demand and Chemical Oxygen Demand (Sarkar et al., 2006; Farizoglu & Uzuner, 2011) . Toze (2006) emphasizes the benefits of using this water for irrigation, among them the use of water in addition to using the present nutrients, generating positive impacts on the environment; for this reason, making use of effective agricultural practices is essential, taking into account the attributes present in these effluents.
Among the food processing industries, the dairy industry stands out in relation of being a potential pollutant of water bodies, considering that milk beneficiation/processing increases the pollutant load in wastewaters (Chaiudhari & Dhoble, 2010; Matos et al., 2010; Demirel et al., 2005; Qasim & Mane, 2013) .
The contribution of nutrients and organic matter contained in the effluents are extremely important for the development of plants that require nutrients, especially during their development. Due to their extraction capacity, plants function by removing these constituents, maintaining soil fertility levels (Mohammad Rusan et al., 2007; Matos et al., 2010) .
Thus, the use of dairy effluents favor the development of spineless Mandacaru (Cereus hildmannianus) by providing organic matter, improving soil structure, increasing nutrient supply and soil water retention capacity. DairyCatch (2006) emphasizes that the application of wastewater on the soil facilitates the slow release of nutrients to the plants.
The production of Cereus hildmannianus represents a viable alternative for animal feeding in the Brazilian semiarid, since it does not require an excessive use of water, as well as having a low production cost and higher biomass protein content than other forages (Cavalcanti & Resende, 2006) . According to Santos et al. (2013) , the application of 400 m 3 ha -1 of dairy effluent resulted in an increase in the organic carbon, potassium, phosphorus and calcium contents of the soil, positively affecting fertility.
The authors also emphasize that the use of dairy effluents presents a partial substitution potential of phosphate fertilization and total potassium fertilization.
Mohammad Rusan et al. (2007) highlight that proper management of wastewater, in addition to periodic monitoring of soil fertility and effluent quality, should guarantee success in reuse practice.
In this context, the objective of this study was to analyze the effects of applying dairy effluent dilutions in public water supply on the alterations of hydrogenation potential, conductivity of the saturation extract, organic matter, phosphorus and potassium along the profile of a Ultisol in Mossoró-RN, Brazil.
MATERIAL AND METHODS
This study was developed at the Experimental Unit of Water Reuse (UERA) which occupies 770 m 2 (20 m x 38.5 m), centralized in the Federal Rural University of the Semi-Arid (UFERSA), 32" S and 37º19'06, 12" W) .
According to the Köppen-Geiger classification, the region has a BSh' type climate, being hot and dry with a rainy season concentrated between May and July and intense drought from September to December, with average annual rainfall of less than 650 mm and a mean annual temperature of more than 26.5°C (Alvares et al., 2014) .
According to the Brazilian Soil Classification System (EMBRAPA, 2013) , the soil of the experimental area is classified as Ultisol. Table 1 shows the physicochemical attributes of this soil before applying diluted dairy effluent.
An experimental area for the production of Cereus hildmannianus irrigated with dairy effluent dilutions in the public water supply was set up at UERA. The effluent was collected from an aerated facultative pond of a dairy company in the municipality of Mossoró-RN, Brazil. The dairy effluent was generated from processing pasteurized milk, dairy beverages, dulce de leche (caramel milk), cheese curd (requeijão), coalho cheese, Minas frescal cheese and clarified butter (manteiga-do-sertão), and from sanitation of the farm (Marques et al., 2016) .
Transportation of the dairy effluent from the farm to UERA was performed in five 20-L impermeable An experimental area occupying 49 m 2 was reserved at UERA, where 25 plots each corresponding to 1.0 x 1.0 m (1.0 m 2 ) in dimension with 0.50 m between the blocks and plots were delimited, as shown in Figure 1 .
The experiment was set up in a completely randomized block design, in which the factors of dairy effluent dilutions in public water supply and soil depths were studied, according to the recommendations of Coelho et al. (2015a, b) .
The following components were used for application of public water supply, in accordance with the recommendations by Coelho et al. (2015a, b) Note: ρ s -Specific soil mass determined by the volumetric ring method; ρ p -Specific mass of soil particles determined by volumetric flask method; Sa, Si and Cl -Sand, silt and clay determined by the pipette method; pH -Potential of hydrogen in water (ratio 1:2,5); ECss -Electrical conductivity of the soil saturation extract; OM -Organic matter determined by the Walkley-Black method; P -Available phosphorus extracted by the Mehlich-1 method; and K + -Exchangeable potassium extracted by the Mehlich-1 method, according to EMBRAPA technical recommendations (Silva, 2009 The irrigation system was operated with water from the public supply during the experimental period at an operating pressure of 100 kPa, using a glycerin manometer graduated from 0 to 400 kPa with an accuracy of 10 kPa.
The dairy effluent application followed the guidelines proposed by Coelho et al. (2015a, b) The treatments were applied based on the EPA criteria (EPA, 1981) presented by Equation 1, and the water requirements for the crops were: T1 -only public water supply (PWS); T2 -0.1 x loading rate (Lw) of the EPA plus PWS; T3 -0.2 x EPA's Lw plus PWS; T4 -0.3 x EPA's Lw plus PWS; and T5 -0.4 x EPAs Lw plus PWS.
In which: ; and f -fraction of nitrogen removed by denitrification and volatilization.
The physicochemical characterization of dairy effluent and public water supply was carried out monthly during the experimental period by collection of three composite samples from April to December 2015. Table 2 shows the mean values for the physicochemical characteristics of dairy effluent and public water supply.
For treatments T1 to T5, the public water supply application was carried out every 15 days, from the planting of the grass on April 18 Lima et al. (2013) with the aid of a Dutch auger, before and after 240 days applying the dairy effluent dilutions.
Four simple samples were collected from each layer within the wet range formed by the drip irrigation system, obtaining a depth sample from each one of the 25 plots of the experiment.
The following chemical characteristics of the soil were determined in the Laboratory of Water, Soil and Plant Analysis (LASAP) of UFERSA: potential of hydrogen (pH), electrical conductivity of the soil saturation extract (ECss), organic matter (OM), available phosphorus (P) and exchangeable potassium (K) according to EMBRAPA technical criteria (Silva, 2009 ). 
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Data on soil characteristics were submitted to analysis of variance using the computer program SISVAR (Systems for Analysis of Variance) developed by Ferreira (2011) . In addition, the Tukey test and orthogonal contrasts test for multiple comparison of averages were also performed.
The proposed orthogonal contrasts were: 1) treatment T5 versus other treatments (T1, T2, T3 and T4); 2) treatment 4 versus treatments T1, T2 and T3); 3) treatment T3 versus treatments T1 and T2; and 4) treatment T2 versus treatment T1. The combinations of the contrasts with the treatment averages were expressed as follows: C1 = 12 m1 + 12 m2 + 8 m3 +10 m4 -42 m5 C2 = 30 m1 + 30 m2 + 20 m3 -80 m4 C3 = 6 m1 + 6 m2 -12 m3 C4 = 6 m1 -6 m2 3. RESULTS AND DISCUSSION Table 3 presents the mean values and Tukey test, coefficient of variation, standard error and probability, as well as the contrasts of the applied treatment averages after 240 days of soil irrigation.
In Table 3 , it was observed that dairy effluent dilutions had a significant effect on the ECss attribute due to the high EC of the wastewater in relation to the public water supply (Table 2) , which increased salts in the soil layers, specifically in deeper ones with higher clay content, as presented in Table 1 . These results corroborate those found by Coelho et al. (2015a) who applied leaching landfill dilutions to Ultisol for 120 days.
According to NSW (2010), excess salts can restrict the plant growth, thus classifying ECss as very low (<0.65 dS m -1 ) for all treatments. However, soil salinity levels need to be monitored and controlled, aiming at minimizing future potential impacts on its structure and surface.
According to the analysis of the contrasts, only C1 was significant with 1% probability for the EC SS variable, indicating that the mean ECss for treatment T5 differs from the sum of the means from other treatments. Due to the higher increase of salts added in the soil by the effluent of this treatment.
In relation to the pH, OM, P and K + attributes, no significant effects of the dairy effluent dilutions were observed. Bolzani et al. (2012) analyzed the effects of applying residual doses of wastewater from pig Note: T1 -Only public water supply (PWS), T2 -0.1 x EPA Lw plus PWS, T3 -0.2 x EPA Lw plus PWS, T4 -0.3 x EPA's Lw plus PWS, and T5 -0.4 x EPA Lw plus PWS; pH -Potential of hydrogen; ECss -Electrical conductivity of the soil saturation extract; OM -Organic matter; P -Available phosphorus; and K + -Exchangeable potassium; C1 = 12 m1 + 12 m2 + 8 m3 +10 m4 -42 m5; C2 = 30 m1 + 30 m2 + 20 m3 -80 m4; C3 = 6 m1 + 6 m2 -12 m3; C4 = 6 m1 -6 m2;
(1) Means followed by the same letters in the column do not differ statistically by the Tukey test at 5% probability; ** and * Significant at 1 and 5% probability by the F test, respectively; NS -not significant at 5% probability by the F test.
6/9 Costa AG, Alves SMC, Batista RO, Mendes HC, Souza DIM Floresta e Ambiente 2018; 25(3): e20170551 farming to Ultisol for 120 days, and similarly found that pH and P attributes were little altered by the application of the residue. The study by Coelho et al. (2015a) found a significant effect and a non-significant effect of the percolated landfill dilution on K+ and OM attributes, respectively, partially corroborating the results of the present study.
In analyzing the contrasts of pH, OM, P and K + attributes, only the C2 orthogonal contrast showed significance at 1% probability, meaning that the T4 treatment presented greater accumulation of P in the soil in relation to the other treatments. The absorption and the availability of P in the plants is correlated with OM, pH and the degree of soil development, in addition to cation content, which may have been the cause for changes in the P concentration for the C2 contrast (Novais et al., 2007) .
By comparing the results from Table 3 with those  from Table 1 , prior to applying the dairy effluent dilutions, it can be pointed out that: i) Mean pH values were slightly altered in all treatments, even when the soil received the application of dairy effluent dilutions with alkaline pH (Table 2) , since the studied soil is highly buffered, thus corroborating with Bolzani et al. (2012) who applied doses of pig farming effluent to Ultisol; ii) ECss increased by 73% in treatment T5 as a result of salt accumulation provided by the effluent, and reduced 47, 29, 3 and 3% in T1, T2, T3 and T4 treatments, respectively, as a result of salt leaching that occurred throughout the experimental period. Similar results were presented by Coelho et al. (2015a) in their study with percolated landfill dilutions applied to Ultisol;
iiii) O M l e v e l s p r e s e nt e d r e d u c t i o n s o f 61, 53, 65, 69 and 52% in T1, T2, T3, T4 and T5 treatments, respectively, even with the OM provided by the effluent dilutions (Table 2) , probably due to an intensification of the mineralization process by bacteria and fungi that decompose OM in inorganic matter on irrigated soil. The study by Coelho et al. (2015a) found an increase in OM in the soil irrigated with percolated landfill dilutions in relation to the initial experiment condition; iv) P concentrations presented increases of 14, 4, 19 and 82% in T1, T2, T3 and T4 treatments, respectively, due to the P contributions provided by the effluent (Table 2) , while a 5% reduction of P in the soil was observed in T5 treatments, probably due to the interaction between P and the salinity reported by Oliveira et al. (2014) ; and v) K + showed an increase of 8, 29, 38, 53 and 72% in T1, T2, T3, T4 and T5 treatments, respectively, due to the increase of K + in the soil, both by the application of the effluent and public supply water (Table 2) , corroborating the study by Coelho et al. (2015a) that applied percolated landfill dilutions to Ultisol. (Table 2 ). In general, there was a tendency for pH to decrease along the soil profile; the oscillations are attributed to salt leaching and to variations in clay content in each soil layer, which probably interfered with salt absorption (Table 1) . These results do not corroborate those presented by Lima et al. (2013) , in which dairy effluent application to Ultisol for five years increased the pH of all studied soil layers due to the increase in salts.
The mean pH varied between 6.2 and 7.4, and thus according to Ribeiro et al. (1999) it can be classified as low alkalinity acid. According to Novais et al. (2007) , pH between 6.0 and 6.5 are considered as optimal, in which maximum macronutrient availability occurs, in addition to limiting the availability of heavy metals present in the soil.
An increase of ECss along the soil profile was observed for treatments T3, T4 and T5, also due to leaching and accumulation of salts in the higher clay content layers (Table 1) . These results differ from those obtained by Coelho et al. (2015a) Chemical Characteristics of Irrigated… Floresta e Ambiente 2018; 25(3): e20170551 the effluent were higher than ECss for the treatment irrigated with only public water supply.
The salt concentration in the root zone can increase progressively, unless leaching and drainage reduce soil surface content, as seen in the study profile. NSW (2010) describes that soil salinity causes impact in some areas of reuse, mainly in the root zones, affecting the yield of sensitive crops at high salt concentrations.
OM levels in the treatments varied, with T2 and T5 showing the highest increases ( Figure 2C ). In T2, the highest OM increases occurred in the layers of 0.10 to 0.20 m and of 0.20 to 0.30 m, while in T5 these increases occurred in the layers of 0.20 to 0.30 m, 0.30 to 0.40 m and 0.40 to 0.50 m, probably due to the lower mineralization of OM in these treatments, and to the contribution of Cl -provided by the effluent (Table 2 ) which can interfere with the diversity, survival and activity of OM decomposing microorganisms, as chlorine is a bactericidal agent. These results differ from those presented by Coelho et al. (2015a) , that observed higher values of OM and always in the superficial layer (0 to 0.20 m); in addition, they showed that the OM content from treatments that received the percolating landfill application were generally smaller in relation to the treatment irrigated with only public water supply. According to Ribeiro et al. (1999) , the OM contents from the superficial layer in treatments T1, T2, T4 and T5 were classified as low (7.1 g kg -1 < OM < 20.0 g kg -1
), while T3 received a very low score (<7.0 g kg -1
). These results differ from those presented by Coelho et al. (2015a) , who classified the 0 to 0.20 m and 0.20 to 0.40 m OM layers of this same soil only being low in the year 2012. Figure 2D shows that the highest P supply to the soil by dairy effluent occurred in the T4 treatment, mainly in the 0.10 to 0.20 m layer due to the leaching process of the organic fraction of P, and to the greater contribution of OM and the lower clay content in the 0 to 0.10 m and 0 to 0.20 m layers before application of dairy effluent dilutions (Table 1) . These results differ from those found by Oliveira et al. (2014) in a study of Ultisol irrigated with dairy effluent for 5 years, where the maximum phosphorus concentration was detected in the 0 to 0.10 m layer due to the higher concentration of OM increased by grass cultivation. According to Ribeiro et al. (1999) , inorganic P barely moves in most soils, especially in clay soils due to the adsorption and precipitation of the element with the other soil constituents.
According to the clay content from Table 1 and P values from Figure 2D , P was classified as low (6.7 mg dm -3 < P < 12.0 mg dm -3 and 0.15 kg kg -1 < clay < 0.35 kg kg -1 ) and very good (P > 45.0 mg dm -3 and 0 kg kg -1 < clay < 0.15 kg kg -1 ), as proposed by Ribeiro et al. (1999) .
It is worth mentioning that high P levels in the soil can cause pollution in surface and underground waters carried by runoff and soil erosion processes. Soil erosion and crop removal are the main forms of losing P from the soil. Leaching through the soil profile does not occur in short or medium terms, and it is necessary to prepare a mass balance for P on an annual basis or from three to five years (NSW, 2010) .
By analyzing Figure 2E it was observed that K + was emphasized in the superficial layer of T4, standing out among the other treatments, but reducing its content in depth. However, T5 had the maximum value for the 0.20 to 0.30 m layer due to the leaching process and the higher contribution of K from the dairy effluent. These results do not corroborate those found by Coelho et al. (2015a) , who observed increased K in the 0 to 0.20 and 0.20 to 0.40 m layers of the treatments that received percolated landfill dilutions, while the treatment irrigated with only public water supply had the lowest K values. In the study by Lima et al. (2013) where Ultisol was irrigated with dairy effluent for five years, a reduction of K + was evidenced throughout the studied profile, with maximum values for the surface and minimum for the 0.40 and 0.50 m layer.
According to Ribeiro et al. (1999) , K contents were classified as very good (K > 120 mg dm -3 ) among all treatments, specifically for the 0 to 0.10 and 0.10 to 0.20 m layers. These authors also report that K can significantly be displaced in soils with low cation exchange capacity, moving vertically and laterally, even in clay soils. Thus, application in installments throughout the crop cycle is recommended.
CONCLUSIONS
No significant effects of dairy effluent dilutions were found in altering pH, organic matter or potassium of Ultisol values after 240 days of application.
The analysis by orthogonal contrasts revealed a significant increase of phosphorus in the T4 treatment (30% of the United States Environmental Protection Agency-EPA dosage criterion for dairy effluent plus public water supply-PWS).
The electrical conductivity of the soil saturation extract was significantly altered by the dairy effluent dilutions, increasing salts mainly in the 0.10 to 0.20 m layer of the T5 treatment (40% of the EPA dosage for dairy effluent plus PWS).
